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Abstract 
The field of computer and robot-assisted rehabilitation system is rooted in the principle that software must be largely errorless, user-
friendly, robust, accurate with respect to data, respond in a timely manner, and yet inexpensive, which lead to enhanced patient outcomes. 
In this digitized age, computerized and robotic rehabilitation systems act as  a vital support for disabled individuals. Till today, different 
types of software for medical rehabilitation systems have been developed and applied to the rehabilitation process successfully, but 
improvement in quality and measurement of rehabilitation software is continuously in progress. Some ways of the software production 
have been established but further measurement process has always been a necessity. This paper presents the framework and recommends 
establishment of software quality measurement in computer- and robot-assisted automated medical rehabilitation system. Also, a brief 
discussion of rehabilitation technique and their software quality is also included. Lastly, we include its importance in medical technology 
and quality. To satisfy the end user, vendor satisfaction, software measurement and quality assurance are important components in 
software-based medical rehabilitation systemsy. 
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1. Introduction 
In the past few years, there has been a rising awareness about using more precise approaches to software measurement 
and quality assurance in medical technology devices. Software is the set of instructions or computer programs which 
instruct the medical device to run smoothly. In software engineering, measuring software effectiveness and value has 
become critical and central part of the software development project [1-2]. 
Researchers endeavour to develop original, easy, portable, inexpensive, and real-time automatic system for rehabilitation 
with the help of other suitable methods, such as biosensor, suitable hardware, software, Internet technology, robot, etc. [3]. 
A computer with software-supported rehabilitation system is one of the core parts of the medical recovery technology. 
Because, nowadays, computer technology is very commonly employed in the field of medicine.  
Moreover, virtually all electrical medical components contain some computerized devices [4]. As software is the central 
part of computerized rehabilitation process, obviously the embedded software must be errorless, user-friendly and of 
assured quality, because superiority of software has been always one of the prime challenges in the computerized 
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rehabilitation system. In this paper, we tried to get answers for the following key point: necessity and methodology of 
software measurement and quality assurance in software-based rehabilitation technology. 
Previously, many studies have been conducted on the results of software measurement, quality, testing, validation, cost 
and other attributes related to computerized devices. But, particularly, applications of these measurement attributes are 
relatively new in rehabilitation software. Few articles were explored for this topic where authors have discussed and 
explained the software measurement, quality assurance and cost analysis in supported software in medical applications. 
Miniati et al. analysed and evaluated medical applications using different clinical aspects [5]. They also presented the 
methodology for clinical software safety plan and necessity for software maintenance. Forstrom reported about the necessity 
of medical software certification and focused on the validation of Internet medicine and treatment system [6]. Then, Dolores 
et al. analysed several medical devices used for medical software [7]. An article dealt with medical software [8]. Harwin et 
al. made a comparison of rehabilitation robotics languages and software to assist individuals with disabilities [54]. Also, in 
some of the other papers, all these issues related to software and rehabilitation systems are discussed briefly [9–11,51]. 
However, we did not find any guideline and specific article for medical rehabilitation software measurement and their 
quality assurance. So this field is still relatively undeveloped or new for researchers. To develop a high-quality and error-
free software, following points need to be taken into account [12]: 
x During development of the software, the input value should be very clear, because it helps to simplify software 
development process. 
x Better workplace for software development, good technique, and highly skilled people are essential for medical software 
measurement. 
x Planning for software development should be very clear, i.e. developing, measuring, controlling and improving 
processes. 
In a nutshell, in this paper, we have presented a correlation between software measurement process with its quality and 
robot- and computer-assisted rehabilitation systems. The paper is organized as follows. In section 2 we provide the concise 
aim of our research and important as others. In section 3 we attempt to summarize some difficulties without software 
measurement in the medical recovery process. In section 4, we discussed the responsible persons for the software. Then, in 
section 5 we present assumptions of our work. After this, several methodologies are presented in section 6. The remaining 
two sections are discussed as probable outcomes and conclusion with the future research work. 
1.1. Automated Medical Rehabilitation Systems 
In this computerized world, the automatic rehabilitation system plays a vital and fundamental role to improve a disabled 
person's life. Rehabilitation engineers always try to develop easy-to-operate, cost-effective and flawless systems. Presently, 
software-assisted technology for rehabilitation is becoming a skill to be acquired quickly than the other traditional systems. 
As the word “automatic” is included in rehabilitation technique, it obviously focuses on the engineering term. On this basis, 
rehabilitation engineering is described as the design, development and application of engineering methods and devices to 
improve disabled patients’ problems. In addition, after successfully applying these recovery technologies on the subject with 
impariment, it is clear that the need for further development and fulfilling any gap within the device is always present [14]. 
Moreover, proper use of the assistive technology improves the quality of life, self-determination and quality of care for the 
immobilized subject [19]. Nowadays, there are many commercial software-assisted rehabilitation systems available such as 
PDA-based system, telemonitoring system, haptic device, orthosis, virtual reality (VR) software, biosensor-assisted device, 
wireless system, Internet-based system, and so on. 
Rehabilitation robotics is a field of study that aids in the understanding of the treatment process through the application 
of robotic devices. It includes the development of robotic psychoanalysis and the application of robots as rehabilitation aids 
instead of exclusively used as assistive tools [52,53]. Automated rehabilitation by means of robotics is usually welcomed by 
patients and has been found to be a useful supplement to treatment of individuals suffering from any injury of the body. The 
various types of rehabilitation robotics include assistive and therapeutic robotics, mechatronics in prosthetics, artificial 
human, exoskeletons, robotics for caregiving, neural-machine interfaces and control, robotics for human-motion analysis, 
psychosocial robotics, etc. However, to make them automated and effective, software is essential. 
1.2. Software Measurement 
Software measurement and metrics are interrelated. A quantifiable characteristic of software is the metric, where the 
process of mapping from real-world attributes to a mathematical representation is done. A mathematical relationship 
between metrics and measurement is called a model, which needs to be validated [27].  
Entity and attribute are the two fundamental components of measurement [13]. The entity is any object or more 
preciously any item. For example, any particular job in the real world is an entity. In software engineering, testing a phase 
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during testing process is an example of the entity. On the other hand, attribute is the property of the entity, such as 
measurement of body temperature during fever or someone’s weight. From this analysis, we can compare software with 
each other. Using attribute, it is possible to measure software, such as LOC (line of coding), effort, cost, etc. In Table 1, we 
show a simple example to compare two software products in terms of measurement. Two software products namely Alfa 
and Beta are compared in terms of total number of LOC, effort (deadline to complete the product), cost (development price 
of the product), people (including developer, programmer, end user, tester etc.) and finally the size of the developed 
software. However, this type of simple comparison can be done on rehabilitation software too before it is commercialized. 
  
Table 1. Comparison between two software products 
 
Attribute Software Alfa Software Beta 
LOCa 1045 1900 
Effort 20 days 1 month 
Cost $1000 $2000 
People 25 17 
Size 500 MB 700 MB 
a. LOC: Line of Coding 
1.3. Quality 
Quality is another important parameter to be considered for medical rehabilitation software. Adopting International 
Standards Organization (ISO) standards is one of the essential steps in “quality assurance”. According to ISO (ISO 9000, 
9001 and 9004),  quality management involves many attributes such as audit, benchmarking, continual improvement, 
correction, customer satisfaction, design and  development, quality assurance, and traceability [15]. Moreover, some 
researchers define software quality in terms of satisfying the needs of the customer, producing product satisfaction, being of 
value to some people, and benefitting by cost. Essentially, quality consists of freedom from deficiencies [16-18]. Software 
developer, manager, or software maintaining personnel always need to keep this important point in mind. 
2. Objective and Importance  
The overarching aim encompassing our study is to develop some good recommendations for software-based rehabilitation 
devices by applying software measurement and quality assurance methodologies that can assist, improve, and quantify 
computer and robotics rehabilitation software. Moreover, it indicates the quality of the medical rehabilitation software with 
respect of existing software measurement and quality planning methodologies. These techniques will helpful for quality 
assurance, to measure and assess productivity, form a baseline for estimation, and  produce errorless output. Language 
quality is determined by the errors or unexpected behavior of the software. Customer satisfaction after creation of software, 
security and lastly, cost identification by measurement are other important components of quality assurance. In Table 2 we 
have presented some features for software management, which we think are needed for the medical rehabilitation process.  
The use of metrics is the core part of any engineering discipline [26,40]. So, metrics is applied to medical rehabilitation 
software to detect differences among different products. Also, type of problems, error, and patient’s needs could be 
specified by this measurement process. Lastly, hassle-free connectivity between user and rehabilitation devices will be 
established easily. Thus, this paper could pave the way of improving these details. End user satifaction includes reducing 
patient vulnerability and increasing safety, and getting prompt and accurate results so that they can return to their previous 
state with the help of the rehabilitation system.  
     
Table 2. Aspects of the medical software management [5] 
 
Management Needs 
Procedural Test Certificate 
Performance Evaluation 
Adverse events calling 
Responsible definition for MDS and HIS management 
Updating procedures 
Technical Data Safety, data Integrity and IT compatibility 
Legal Privacy, data protection and security 
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3. Problem Statement 
It has been observed that there are many international standards presented in software-aided medical devices, but still they 
need to be analysed further, specially some basic components like risk assessment, performance control and test certificate 
tasks within the software [3]. Obviously, the primary requirement for all the major automated rehabilitation software is to 
follow the rules to avoid the worst-case situation during the treatment of the patient. In our survey, we found many 
biosensor-assisted and robotics rehabilitation systems, where computer software is the core part. But, we did not find any 
proper guidelines evaluating these systems in terms of software measurement and quality assurance. It is difficult and also 
impossible to ignore the importance of software quality assurance, as software is the most important part of medical 
rehabilitation systems. Without proper software quality measurement, following problems can be arise during rehabilitation: 
x User dissatisfaction 
x Slow and incorrect result 
x Cost escalation on device performance 
x Unnecessary data redundancy 
x No validation 
x Lack of efficiency, robustness and integrity 
x Unclear graphic user interface (GUI) 
To overcome these problems, rehabilitation software needs to follow proper measurement policy and its quality 
expectations. 
4. Responsible People 
Software testers, developers and users are the different people we usually see used in the discussions of software 
engineering [21]. The question of who is responsible for software quality may not find an obvious answer. In most of the 
cases responsibility rests with engineers developing the software for rehabilitation system who also assure software quality 
and measurement accuracy. The secondary responsibility lies with the product company as to using the correct software 
supplied by the engineer without any modifications. Lastly, the user cannot avoid his responsibility if he has limited or no 
knowledge on how to use the devices. 
 
 
 
Fig 1. Connection with automated rehabilitation system, their supporting software and end user. 
 
In Figure 1, the process shows that both rehabilitation system and entire software in the device are connected with each 
other to support the end user. So the user cannot see or will be unable to correct any error in the  rehabilitation device. 
Moreover, it is not his responsibility to monitor faults in the device. But, as an end user, he is entitled to receiving direct and 
errorless data from the rehabilitation system. 
 
5. Key Concepts 
Some short discussion of key concepts of software measurement and quality assurance for rehabilitation techniques those 
are essential to evaluate the software are listed below: 
x Software process: The way to establish the method. The software process management has been verified a functional 
means to assist the software organizations to improve their development processes and as a result create high-class 
successful products. 
x Metrics: It presents a state-of-the-art, logical and rigorous framework for controlling, organizing, and predicting 
software development processes. Moreover, by this method some portion of the software can be measured. 
x Size estimation: This is the primary issue to be considered in the rehabilitation project. Because size is an inherent 
characteristic of a piece of that particular software. 
x Developer: A software developer is the key part of any project, who is the independent and has knowledge about the 
open source software development (OSSD) approaches. 
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x Testing: For reliability of a program within the product, software testing is a must. It covers a wide range of activities 
in the process to detect the faults in the software program. 
x Timelines: Timelines are useful for assessment with actual timeline data, to validate the software project input 
parameters, and to offer data for the researchers with regard to dependability. Also, it involves some time oriented 
features like (1) probable time to deliver the software to the end user and (2) responses showing the output after giving 
a command. 
x Cost: Cost estimation schemes have been at the core of attention for several software firms. Moreover, practitioners in 
this field have become increasingly concerned about exactly predicting the cost as well as the quality of the software 
product under development. 
x Expectation: End user expectations can have a surprisingly huge impact on software development process.. 
x Reuse: It is the process of developing software product from existing software rather than building software systems 
from scratch. Systematic software reuse is the most efficient way to significantly improve the software development 
using state-of-the-art technologies.  
x Security: Software security is the design of engineering software so that it continues to function properly without 
getting affected by malware (viruses, worms, and Trojan horses etc.) attack or unwanted behavior. 
x GUI: The last point is a clear graphical user interface (GUI) for the end user. 
In summary, we hope all these essential key concepts should be considered during development of the computer and 
robotics rehabilitation systems. 
6. Methodology 
In this most important section, we have proposed some methodologies for software measurement. These techniques have 
been already applied to different software measurement processes and researchers have reported fruitful results. After 
applying these methodologies, the software is expected to be errorless, bug-free, user-friendly, of assured quality, and attract 
demand from the end user of rehabilitation technology. 
x Application of the software measurement conceptual model proposed by Beker-Komstaedt and Webby for analysing 
and interpreting the data [28-29]. 
x Application of Bush and Fenton’s measurement framework and GQM (Goeal, Question and Metric method), size- 
oriented metrics, function point size elements and function point software size computational process [30-31]. 
x More focus on and collection of medical-based software with its line of coding (LOC), functional activity, cost, 
functional point, size, source code evaluation etc [24],[47]. 
x Use of M3P (Model, Measure, Manage Paradigm) measuring method to establish the software measurement programs. 
It is well-known quality improvement paradigm/goal-question-metric paradigm for software [32],[34]. 
x Use of TAME (Tailoring A Measurement Environment) project, which is an improvement-oriented software 
engineering process model that uses the goal/question/metric paradigm to integrate the productive and analytic aspects 
of software improvement [33]. 
x Use Bohem constructive cost model (COCOMO) algorithm for software cost estimation [42-43]. 
x Application of Martin’s software package metrics [22]. 
x Application of balanced scorecard (BSC) method to find the errors [44-45]. 
x Arisholm’s dynamic coupling measurement technique for software [23]. 
x Use of code coverage method during software testing process. There are different types of coverage criteria, like 
function coverage, statement coverage, decision coverage, condition coverage and condition/decision coverage. 
During testing one or multiple coverage methods can be applied [46]. 
x Application of Halstead complexity measures, which can measure piece attribute of software [48]. 
x Methods and techniques for component-based software quality proposed by Cechich et al. (2003) [25]. 
x Agile software development methodologies [15-16]. 
x “Axiomatic approaches” for software measurement [35-36]. 
x Data flow analysis techniques to test the software [55]. 
x Application of Burnstein et al. Testing Maturity Model (TMM) which will allow the software development 
organizations to evaluate and improve their testing processes [56]. 
x Some methods for software quality planning [37-39,41,49-50]. 
Software  testing and measuring the quality is the most commonly used methods for indicating that a program achieves its 
intended function. It involves choosing the elements from the program's input domain, carrying out the program on these 
test cases, and evaluate the original output with the expected output. However, both the primary and secondary sources of 
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data from rehabilitation software need to used simultaneously for this measurement. Data also need to collected by 
observing on-the-field situation, collecting some of the most common medical rehabilitation software, taking interviews and 
reviewing the opinions of the users and software programmers. The existing publications and other official documents will 
also be used whenever necessary. The computer-based information system and other statistical techniques will be applied to 
analyse data. The fields of data collection, sample and its volume, observation area, work strategy, data processing and 
analysis, workplan and other things will be specified during the assessment. The respondents will be selected on the basis of 
random sampling. 
7. Outcomes 
Software-based rehabilitation systems need to be measured to assure performance and quality. There are two sides to any 
software engineering: one is its programming language and another is the view of the users (either developer or customer). 
The major findings of this survey is that  there are some classes of entities of importance in a software measurement 
technique: (1) process, (2) product, (3) resources, (4) people, and (5) timeline. All the internal and external attributes must 
be measured under these classes. 
These proposal revealed some important techniques, plans, and methodologies for robust software measurement as well 
quality; those are already applied in different systems. We hope these recommendations will help the medical rehabilitation 
software developer develop error-free, inexpensive and user-friendly medical software for patients in addition to removing 
complexity for the end user. Moreover, functionality and performance of the medical rehabilitation software will improve in 
terms of security, language suitability and decrease number of developers, thus reducing the cost of software development. 
Moreover, cost as well as software behavior is a major part of rehabilitation monitoring software [20]. Understanding of the 
developed software for the end user is another important issue. In Table 3 some advantages of applying the abovementioned 
engineering measurement methodologies are presented. 
 
Table 3. Advantages over applying software measurement in the automated rehabilitation system 
Advantages Break down 
Usability Increase usability of the rehabilitation device 
User satisfaction User can satisfy from the result  
Quick recovery After getting the correct result from the system 
Functional assessment Each function of the software will be assessed. 
Convenient Software can be portable, easily install to the computer and handheld device 
Demand Product vendor always tries to take the same quality of software. 
Time management Important issue for the quick result 
Security The user can be mental satisfy for strong security that devices are error free. 
 
8. Conclusion and Future Work 
As is the case with many upcoming computer-assisted recovery systems, software measurement and quality assurance 
offer huge advantages and solutions to current limitations and reduce errors in automatic rehabilitation devices. Since 
software-supported automate rehabilitation is widely used and has been serving the critical business of a human being, it 
should be more accurate, errorless, comparatively easy-to-use and dynamic in nature. The attempted proposal could be 
contributing to achieving these objectives. Thus, the goal will be to provide the improved software-based computer and 
robotics rehabilitation systems. 
The assessment of software-based rehabilitation systems is currently very important due to the increasing awareness of 
software-based medical companies who see a need for improving productivity and quality of their products. Software 
measurement and software quality assurance play a crucial role in this respect. To fulfil this goal, it is necessary to apply 
each methodology in the real-time automated rehabilitation software to identify and assess the quality of that software. This 
survey paper will useful for the future researchers who study medical software.  
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